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POTASH and POTATOES 


F In checking your yields, did a big percentage of No. 1, high- 
; quality potatoes indicate that your crop was able to get 
: enough potash? If not, consult your official agricultural | 
4 adviser or experiment station about the fertility of your soil. 
5 Potatoes are greedy feeders on potash. For a good yield of " 
r No. 1's, soil and fertilizer should supply at least 200 Ibs. of 
| * available potash (K.O) per acre. Write us for free information. | 
ia merican Potash Institute, | 


1102 SIXTEENTH ST.,N. W. WASHINGTON 6, D. C. 


Member Companies: 
American Potash & Chemical Corporation 
Potash Company of America ® United States Potash Company 


THE “STANDARD” 


Potato and Onion Grader 


Not only “STANDARD” but “SUPERIOR?” in 
Economy, Accuracy, Speed, and Adaptability. 


More Boggs Graders in use than all other makes 
combined—there must be a reason. Send for our 
new circular and price list. 


BOGGS MFG. CORP., Atlanta, N. Y. 
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Checkweighing 30 Ib. 
bags of sliced, peeled 
and ready to_ cook 
potatoes on EXACT 
WEIGHT Scales. 
Colony Food Products, 
Medford, Mass. 


EXACT WEIGHT Seales for Better Cost 
Control — Sounder Quality Control... 


When high costs are present there is a leak . . . something is 
wrong. In potato packaging rule out extra product trimming . . . 
| double checkweighing . . . extra handling . . All are unnecessary 
and they increase your labor costs, waste time, prevent full 
volume output. In consumer bag packaging EXACT WEIGHT 
Scales stop many of these waste motions simply because the 
equipment weighs and checks in one fast operation. You have 
exact weights at lower cost, speed up production and increase 
output materially. The fact that EXACT WEIGHT Scales are the 
preferred weighing units in potato packaging, coast to coast, is 
proof of their soundness, trouble-free operation, long life and 
accuracy. Write for details for your potato packaging job. 


“Sales and 
Service 
from 
Coast 
to 


Come" THE EXACT WEIGHT SCALE COMPANY 


921 W. Fifth Ave., Columbus 8, Ohio 
2920 Bloor St., W * Toronto 18, Can. 
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PRACTICAL CONTROL MEASURES FOR LEAFROLL! 
DonaLtp Fotsom? 


“In recent vears the virus-induced leafroll disease has become one 
of the major problems in producing potatoes for seed and table stock in 
many of the principal potato-growing areas of the United States.” (From 
the U. S. Dept. Agr. Report of the Agricultural Experiment Stations, 
1948, p. 76.) 

Leafroll control may be of benefit in several ways. It increases the 
vield rate of table-stock fields, reduces loss from net necrosis in certain 
variety-area combinations, increases the reliability of seed stocks including 
certified and foundation seed, and may also enable some plant breeders 
to avoid losing valuable seedlings that are not resistant to leafroll. 

Some regions, districts, and localities seem to enjoy a natural freedom 
from leafroll and its spread. Others apparently have natural handicaps 
which at present make some kinds of control measures impractical. In 
between are regions where leafroll control can be attained through seed 
testing, seed plots, foundation seed, seed certification, fertilizer selection, 
aphicides, herbicides, the use of resistant varieties, and careful grading. 


SEED TESTING 


Spindling sprouts sometimes give warning of leafroll, and = often 
permit one to decide whether internal discoloration is net necrosis or 
severe stem-end browning. One report has it that ultra-violet light 
fluorescence is in commercial use for the elimination of leafroll tubers, 
but the method did not work in Maine (Amer. Potato Jour., June, 1947). 
Net necrosis is a general sign of leafroll, but can be confused in stored 
seed with stem-end browning and can be induced by other agents. 

Percentage testing as distinguished from indexing can be conducted 
in a greenhouse or in a southern field. In northern greenhouses, better 
symptoms have been found in plants grown at a moderate temperature 
in moist soil in small pots, with the fertilizer low in nitrogen and 
high in phosphate and potassium. In the South, probably the Homestead, 
Florida, area is least subject to the danger of a winter freeze cutting 
the plants down before readings have been completed, while at— the 
same time being an area conducive to the development of typical leafroll 
symptoms. The reliability of the percentage reading in the sample is 
generally greater with more tubers in the sample. The sample should 
be representative of the seed stock both as to various parts of the stock 
and also regarding the size range of the tubers, because different parts 
of the seed-producing field may become infected to different degrees, and 
because there is often a trend of higher leafroll percentage in larger tubers. 
A practical large-scale method for breaking the rest period of tubers 
preparatory to planting in the South, has been described in this Journal 
(Amer. Potato Jour., January, 1947). Percentage testing has been used for 
the rejection of field-passed stocks for final certification, and to distinguish 
between foundation and other certified stocks. 

Tuber indexing in greenhouse or southern field has the advantage 


1 Accepted for publication March 24, 1952. 
2Maine Agricultural Experiment Station, Orono, Maine. 
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of eliminating most virus-containing tubers. Partly diseased tubers escape 
elimination more often as a smaller proportion of the eves are tested. 
As the percentage of diseased tubers is reduced, the higher becomes the 
proportion of diseased tubers that are only partly diseased and_ that 
are therefore lable to be undetected. Hill indexing is much less reliable 
than tuber indexing, because the virus invades all parts of a tuber much 
more often than it invades all tubers of a hill. (In case all tubers are 
indexed, this method merely becomes tuber indexing of a clone.) Tuber 
indexing is more expensive than percentage testing, but may be justified 
especially for foundation seed and breeders’ stocks. 


Seep PLots 


A seed plot should be on land free of volunteer plants; snow cover 
on northern areas often protects unharvested tubers through the winter 
so that they can produce plants in the spring. A seed plot should be 
well isolated from other potatoes; L000 feet or more is desirable. Generally 
the earlher the planting (at least in northern regions) and the larger 
the area of the seed plot, the less leafroll, percentage-wise. will be 
brought in by insects, other factors being equal. 

Frequently, the roguing of leafroll can be done earlier than it is done. 
The earher it is done, the easier it is to carry off the diseased plants 
and the less danger there is of insects spreading leafroll before and 
during roguing. The seed-piece should be removed along with the rest 
of the hill, or there will soon be another leafroll plant present. Roguing 
should be completed before new tubers are large enough to require removal. 

Roguing is much easier and more complete if planting is by tuber 
units. Often one hill will show leafroll before others from the same tuber 
will, and if such a hill ts in a tuber unit, all hills from that tuber can be 
rogued without waiting until all have developed the symptoms. Often the 
first roguing will remove most of the diseased units, so that the second 
and third roguings will be mainly a cleaning-up job. Roguing by tuber 
units is easier and more complete if a vacant hill is left after each unit 
and if the seed tubers are sorted and each tuber size planted by itself 
ina row or set of rows with the same number of hills in each unit. How- 
ever, this is not essential. Some growers plant the seed stock as harvested 
field-run, cutting uniform seed-pieces so that the hills will be uniform: 
the size of each unit then depends upon the size of the seed tuber. Vacant 
spaces may be omitted, to reduce oversize tubers next to such spaces: 
the dwarting effect of leafroll will often indicate the limits of a diseased 
unit and the seed-pieces when dug can be used to reconstruct the seed 
tuber in order to see if all hills of the unit have been dug. Some 
conscientious persons have proved unable to detect leafroll, even in tuber 
units, when the presence of the disease seemed quite obvious to others. 
Various methods have been devised for tuber-unit planting by machine. 
The writer saw one four-row planter in Utah which required eleven men 
for operation and which planted sized tubers by tuber units. On the other 
hand, not many vears ago a successful seed grower in Maine hand-planted 
over 100 acres each vear by tuber units. 

In roguing, one should remember that varieties differ in their reaction 
to leafroll, Some may soon develop a rolling of the leaves without the 
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presence of the virus. Others may contain the virus and yet show little 
or no effect. A quick method of diagnosing leafroll in doubtful cases is 
afforded to plant breeders by a phloroglucinol test (Pl. Dis. Reporter 
February, 1950). Masking of leafroll by high sulphur or high nitrogen 
content in the soil has been reported. Uniformly good soil is desirable 
for even growth of plants and early roguing. Even with the best appearing 
conditions, seed plots have failed in some areas because of unfavorable 
climate or too much diseased table stock. 


FOUNDATION SEED 


Foundation seed may be considered as that suitable for planting seed 
plots or certification fields. In attempting to grow it, efforts are usually 
made to make conditions less favorable to leafroll spread’ than are 
permissible in growing certified seed. How successful these efforts are, 
can be determined for each season's crop by seed testing. Just where to 
draw the line depends upon experience in the area concerned. For example, 
a seed plot may produce seed giving a Florida reading of 3.0 per cent 
leafroll. Some growers may be willing to plant this for certification, whereas 
others might consider the percentage too high. Foundation seed may be 
raised by growers working independently, by growers assisted by 
cooperatives or other organizations, or by organizations. In any case, the 
distinguishing character of foundation seed is not the way it is raised 
but its suitability for a definite purpose, with its suitability depending upon 
various conditions that vary from one area to another and even from 
one grower to another in a given area. 

An aster cloth cage or tent over a seed plot: (Amer. Potato Jour., 
March, 1934) was found by a central-Maine farmer to pay him on account 
of the great reduction in roguing required for the next two vears in the 
open fields. The writer found such a cage necessary for providing healthy 
foundation seed for seed-plot experiments. Plant breeders might find 
this device helpful in reducing seedling loss from. leafroll. 


SEED CERTIFICATION 


Seed certification generally enables seed buyers to obtain seed with 
very little leafroll in it. A report from the State of Washington (Station 
Report 1943-1944, p. 65) gave 1 per cent and 50 per cent as the average 
leafroll content of 31 fields planted with certified seed and 31 fields planted 
with noncertified seed, respectively. Different lots of seed certified in a 
given area by one agency can easily vary considerably in leafroll content 
unless leafroll is absent or negligible or is measured and limited by a 
reliable seed test. Variation in leafroll percentage can arise from differences 
in variety, time of planting, size of field. original leafroll content. time 
of roguing, nature of the roguing, time of inspection, nature of the in- 
spection, time, nature, and degree of insect infestation, degree of isolation, 
time of vine maturity, ete. One should perhaps marvel that certified seed 
can be as generally good as it is. Such variation as there is, probably 
does not mean much because the yield rate, which counts most in table 
stock, generally is not reduced seriously until there is a_ considerable 
percentage of leafroll (Amer. Potato Jour. March, 1943 and March, 1944). 
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Further, in case leafroll is spread within the field during the growing 
season, newly infected hills may not show yield reduction (Indiana Station 
dull. 284. July, 1924). 


FERTILIZER SELECTION 


Reports have been made of leafroll masking by sulphur and high- 
nitrogen soil applications. In an experiment in Maine (Maine Station 
Bull. 447. January, 1947), fertilizer high in phosphorus increased leafroll 
spread within the field and fertilizer high in chloride increased leafroll 
spread and also the tendency of newly infected leafroll tubers to develop 
Het Necrosts. 


APHICIDES 


There is considerable evidence and a general belief that leafroll is 
spread more by aphids, especially the green peach aphid (.\/ysus persicae), 
than in other ways. Although late springs, unfavorable weather, natural 
enemies, and plot isolation help to reduce aphid transmission of leafroll, 
probably the general use of DDT and parathion will reduce leafroll spread 
further. Some, but not all, of the reports available from different regions 
show a reduction of aphids and a corresponding reduction in leafroll spread, 
from the use of DDT and/or parathion in a particular field or plot. 
In the past, one difficulty has been that with vine life prolonged by DDT, 
there is more late invasion by aphids from fields containing leafroll, 
especially in areas where the general use of aphicides is not standard 
practice. Occasionally aphicidal fumigants have had to be used on sprouting 
stored seed which contained some leafroll and which was also becoming 
infested with aphids. 


HERBICIDES 


Sometimes cull piles produce leafroll shoots which may become 
sources of disease transmission by insects unless killed, and the most 
practical method of killing is by herbicides. Weeds within or near the 
potato field may hasten the development of heavy aphid infestations. 
‘Trees, shrubs, and herbs on which aphids over-winter in the egg stage or 
otherwise, can hasten the origin of aphid infestations in nearby fields. 

After aphid invasion has brought leafroll into a field, the passage 
of the virus from foliage to tubers can be largely prevented by killing the 
stems quickly with herbicides, mechanical destroyers, or by manual up- 
rooting. Warning services have been established by some entomologists, 
to enable seed growers to time vine destruction best from the standpoint 
of virus invasion and tuber enlargement. In the New Hampshire Station 
Report for 1931 (pages 14-15) it is stated that parts of a seed stock 
dug SO110. and 124 days after planting showed respectively, in’ the 
following vear, 6, 15, and 50 per cent leafroll. 


VARIETAL RESISTANCE 


Although immunity to leafroll has not yet been proven for any 
potato variety, commercial or seedling, there is considerable difference 
in field resistance between varieties. The chief difficulties in developing 
a good highly resistant commercial variety have been in finding clear-cut 


| 
| 
| 
‘ 


1952| FOLSOM LEAFROLL CONTROL 233 


inherited resistance and in combining what resistance has been found, 
with all other commercially desirable characteristics of a good potato 
variety. Some progress has been made, but without furnishing much 
practical relief to the growers, as vet. 

More progress has been made by using the fact that some varieties 
do not develop net necrosis as a symptom of leafroll. This characteristic 
seems to be inherited and to be correlated in some varieties with 
susceptibility to mahogany browning resulting from continued low storage 
temperature. Some varieties with no net necrosis resulting from leafroll 
are Bliss, Calrose, Chippewa, Essex, Katahdin, Kennebec, Mesaba, Placid, 
and White Rose, whereas other varieties that develop net necrosis as a 
symptom of leafroll are Ashworth, Cayuga, Chenango, Green Mountain, 
Irish Cobbler, Mohawk, Ontario, Red Warba, Russet Burbank ( Netted 
Gem), Snowdrift, and Warba. 


(GRADING 


Grading can arouse suspicion of leafroll if it discloses net necrosis. 
The ratio of leafroll percentage to net necrosis percentage depends upon 
various factors. Net necrosis is found only in tubers recently invaded by 
the virus and so does not disclose any chronic leafroll. Low storage 
temperature can delay the development of net necrosis in newly infected 
tubers so that the same stock can show a higher percentage of net necrosis 
at a later date. Also, low temperature, if maintained long enough, can 
completely inhibit the later development of net necrosis. Grading can, to 
some extent, control the release of stocks with more net necrosis than the 
stated tolerance upon arrival at destination. 


(GENERAL 


The foregoing discussion, to meet a request for brevity, omits many 
references which supplied data, and omits many details in adequate control 
measures. Investigational work at Maine which is given, in detail, in 
the Maine Station Bulletin 470, May, 1949, includes a detailed description 
of control measures such as greenhouse indexing, Florida seed-testing, 
seed plots, a State seed farm, foundation seed, certification, aphid control, 
weed suppression, and varietal resistance. In any area, one who is interested 
in any particular phase of leafroll control should, naturally, seek information 
irom the appropriate available specialists. 
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REDUCING INJURIES IN GRADING STORED POTATOES! 


J. M. Lurz?, A. D. Epéar*, anp A. H. 


INTRODUCTION 


Injuries made in handling potatoes just prior to marketing are 
particularly serious because they may be so small that they escape notice 
during grading or they may occur after grading. However, these injuries 
develop during marketing and may be serious by the time the potatoes 
reach the consumer. 

Injuries that occur in grading are more serious some seasons than 
others. They were particularly troublesome in the Red River Valley of 
Minnesota and North Dakota during the 1950-1951 shipping season, 
which was preceded by a short growing season, later than normal harvesting, 
and heavy rainfall during the harvest period. It was difficult or impossible 
to make U. S. No. 1 grade in many lots because of the bruising that 
occurred when the potatoes were graded and packed for shipment. Some 
varieties such as Triumph are more susceptible to bruising than others. 
The experimental work reported herein was conducted to develop practical 
methods of reducing fresh injuries during grading and packing. 


REVIEW OF LITERATURE 


Considerable work has been done to determine sources of injuries 
to potatoes during harvesting and placing in storage and suggestions have 
been made for reducing this damage, particularly in digger operation. There 
has also been an appreciable amount of work to determine the injury 
that occurs in marketing channels after potatoes are packaged. A rather 
limited amount of work has been done on damage to potatoes during the 
grading operations in preparation for market 

Schrumpf (3) showed that an appreciable amount of damage can 
be caused by the graders as well as in filling the containers. In a survey 
in Maine, he found less bruising in padded graders than in those not 
padded 

Deloach and Moors (1) pointed out that some of the reported increase 

1) bruising between the shipping point and terminal markets was due to 
ace bruises becoming more noticeable during shipment. 

Sparks (4) reported that injury appears more severe after potatoes 
are graded because injuries become more evident with passage of time. 

edgar (2) observed that bruising injury was substantially less on 
potatoes warmed to 50°F. before grading than on potatoes graded at 36 
Wright (5) found that under simulated transit conditions floor bruising 
was greater at 32> than at 50 
Accepted tor publication April 28, 1952. 

Report of a study made under the Research and Marketing Act of 1946 RM :320. 
“Senior Physiologist, Division of Handling, Transportation and Storage of Horti- 
cultural Crops 
SSemor Agricultural Engineer, Division of Farm Buildings and Rural Housing. 
*Agricultural Engineer, Division of Farm Machinery. 

SHerbert Findlen assisted with certain phases of the work. 


Bureau of Plant Industry, Soils and Agricultural Engineering, Agricultural Research 
\dministration, United States Department of Agriculture, East Grand Forks, Minn. 
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Metuop oF JupGinG New INJURIES 


In these studies, new injuries, or bruises were determined by making 
an inspection the day after grading in order to allow the injuries to 
develop. They were classified into 3 classes: slight, moderate, and severe. 
Potatoes were considered slightly bruised if the injured portion could be 
peeled off, or cut away with a loss of only 2 to 5 per cent in original 
weight. Potatoes such as these would be within the bruising tolerance for 
U.S. No. 1 grade but not for U. S. Fancy. Tubers were considered 
moderately bruised if the damaged portion amounted to 5 to 10 per cent 
of each potato. These potatoes would be within the bruising tolerance 
of U. S.No. 2 potatoes but not of U.S. No. 1. Bruising was considered 
severe when over 10 per cent of the potato would have to be peeled 
off or cut away in removing the affected area. Such a potato fails to meet 
the requirements for U.S. No. 2. In order to get a single value for bruising, 
an index which reflected approximately the percentage loss in market 
value of potatoes was used. The percentage of potatoes with serious bruises 
was multiplied by 1.0, that of moderate by 0.5 and that of slight by 0.1. 
These values were then totalled to give the index. 


RESULTS 
Effect of Padding Grader and Hooking up End of Sack on Bruising 


The first lot of potatoes used for this experiment was Triumph grown 
in the vicinity of Johnstown, North Dakota, and held at approximately 
35°F. for 2 to 3 months prior to the beginning of the experiment on 
February 26, 1951. These potatoes were so susceptible to injury that the 
grower was having considerable difficulty in preventing damage even 
though careful handling practices were followed. The second lot) was 
Triumph grown in the vicinity of Grand Forks, North Dakota, and 
moderately susceptible to injuries at the time the experiment was conducted 
on April 17, 1951. They had started to sprout slightly and were not as 
susceptible to injury as they had been previously. They had been in a 
commercial storage at approximately 38° during the last 4 months of the 
storage period, 

The potatoes were run over a conventional dry grader by 3 methods 
as indicated in table 1. 

Five 40-pound samples of the two lots were run over the grader 
by each of the three methods. The potatoes were allowed to fall into 
100-pound burlap sacks at the end of the grader, but only approximately 
40 pounds were placed in each sack. Filling the sacks less than half full 
resulted in a higher percentage of injury than would have been the 
case if the bags had been filled completely. A sample of this type represented 
the most severely injured part of the bag of potatoes. The entire sample 
was examined for bruising one day after grading in this as well as the 
other experiments. 

The results are given in table 1. It will be noted that with no padding 
on the grader and the bottom of the sack resting on a pad on the floor, 
there was a very high degree of bruising, particularly in Lot 1. Hooking 
up the bottom corner of the sack reduced the amount of injury to 
approximately a third of that in the potatoes allowed to fall to. the 
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Taste 1.-/nfluence of padding grader and hooking up end of sack on 
bruising of potatoes. 


Treatment Bruising Index 


Lot 1 Lot 2 Average 


1. Grader not padded, bottom of 100-pound 
sack resting on a sponge rubber pad on a 
concrete floor 18.1 3.9 11.00 


~ 


2. Grader not padded, bottom corner of sack 
hooked up so that potatoes dropped only 
about half as far as in treatment 1 5.1 1.4 3.25 
3. Hopper and delivery chute of grader 
padded with sponge rubber, bottom corner 
of sack hooked up yd) 0.7 1.60 


Difference required between treatments for significance at 5 per cent level: in either 
lot, 1.7; average of both lots, 1.19. 


bottom of the sack. Padding the hopper and delivery chute further reduced 
bruising to about one-seventh of that in the lot graded without padding 
or raising the sack. 

i tfect of Keeping Bottom of Sack off Floor on Bruising 

Three methods of filling bags were used on each of two lots of 
Triumph tubers grown in the vicinity of Grand Forks, North Dakota. 
Lot 1 was graded on February 21, 1951, and Lot 2 on April 4. Both had 
heen held in a commercial storage, the temperature of which had been 
gradually lowered and then maintained at 40°F. The potatoes of Lot 2 
showed fewer new injuries than those of Lot 1, probably because they had 
hegun to sprout very slightly and were therefore less turgid. 

The three methods of filling bags are given in table 2. Except for 
the variations in methods of filling the bags, standard commercial operations 
of preparation for market, including washing, were used. 

Five 25-pound samples from each lot taken from the bottom of the 
sacks filled in each way were inspected. 

Part of the injury recorded in table 2 is not attributable to the 
bag-filling methods as it is known that there were some new injuries 
present in the potatoes at the time they reached the bag-filling chute. This 
amounted to approximately 44 to 4 of the injury in treatments 2 and 
3 and a slightly smaller fraction in treatment 1. 

It can be noted in table 2 that keeping the bottom of the sack off the 
floor (methods 2 and 3) to reduce the drop from the delivery chute 
resulted in a substantial reduction in bruising. Both methods used were 
very effective and there was no significant difference between them. 


Errect or Porato TEMPERATURE ON BRUISING 
Potatoes Warmed in Bushel Crates 


Triumph potatoes grown in the vicinity of Johnstown, North Dakota, 
which were very susceptible to bruising were used for this experiment. 
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TaBLe 2.—Influence of keeping bottom of sack off floor in filling on 
bruising of potatoes. 


Bruising Index 


Lot 1 Lot 2 Average 

1. Conventional method, bottom of sack 

resting on a rubber pad on the floor 21.3 10.5 15.90 
2. Corner of sack hung up on a hook until 

about halt full 14.3 5.1 970 
3. Hydraulic bag holder' which kept the 

uppermost potatoes in the sack only a few 

inches below the delivery chute in filling 

(Fig. 1). 16.1 42 11.05 


Difference required between treatments for significance at 5-per cent level: in either 
lot, 3.9; average of both lots, 2.75. 

‘This device was developed by A. H. Glaves and Albert Dubuque of the Division of 
Farm Machinery, Bureau of Plant Industry, Soils and Agricultural Engineering, 
United States Department of Agriculture. 


They had been held in a commercial storage at 35°F. for about 2 months 
prior to the start of the experiment on February 15, 1951. The effect of 
temperature on bruising was determined by grading the potatoes in a 
standard (non-padded) commercial grader into 100-pound burlap gacks, 
the bottoms of which were resting on a rubber mat on a concrete ‘floor, 
but only a 50-pound sample was collected in each sack. Four such samples 
were collected for each treatment. 

The potatoes were run over the grader before warming and after 
1, 3, and 7 days’ warming at 56°F. at 35 per cent relative humidity. 
At the time these lots were run over the grader duplicate lots were 
transferred from the 56° storage to 35° to determine the effect of previous 
warming on bruising of potatoes graded when cold. It was thought that 
potatoes might become less turgid because of the increased weight loss 
from warming and that they would therefore bruise less even if handled 
when cold. 

The results are given in table 3. If the potatoes were cold when 
graded there was a very high bruise index (16.6). Warming them to 
56°F. and grading them when they were warm substantially reduced 
bruising. .\fter 7 days’ warming at 56° there was less than 44 as much 
bruising as when they were graded immediately after removal from storage. 
Warming the potatoes and then cooling them back to 35° showed some 
beneficial effects if the warming period was 3 days or longer, but grading 
potatoes when warm was more effective in preventing bruising. Potatoes 
held 7 days at 56° and then cooled and graded cold had about “% as 
much bruising as those not warmed. 


Potatoes Warined in Large Bins 

Two deep bins of Triumph potatoes holding about 2,000 bushels each 
were used in this experiment. The potatoes in the two bins were as 
nearly alike as possible. They were held at 32° to 39°F. (average 36° ) 
during the third and fourth months of storage. During the fifth month 
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Fig. | \ view of the hydraulic bag holder to reduce height of drop in filling bags. 
\s the bag on the lett fills, the weight of the potatoes forces fluid from the cylinder 
on the lett ito the eylinder on the right through the metal tubing. When the bag 


; on the lett platform is filled and the pan reaches its lowest position, the pan on the 
right is returned at the top or starting position. The rate of movement of the pans is | 

i adjusted by the valve at “A” in accordance with the rate of delivery of potatoes at 
; the end of the grading line } 
Both sides and bottom of the delivery chute and both sides of the hinged gate are 4 
a padded with sponge rubber. 
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TaBie 3.—I/nfluence of warming potatoes on bruising during grading. 
Bruising Index for Potatoes 


Graded Cold (35°F.) after 


Graded Warm Warming to 56° for Days 
Days at 50°F. (56°F.) Indicated in Column 1 
0 — 16.6 
l 11.4 15.0 
3 7.5 11.0 
7 38 8.8 


Difference required between treatments for significance at 5-per cent level, 4.7. 
‘Not warmed. 


Taste 4.—Influence of warming potatoes in large bins on bruising and 


decay. 
Decay 
Treatment Bruising Index Fusarium Late Blight 
Cold bin, graded cold 16.5 1.0 1.2 
Pre-warmed bin, graded warm 6.3 1.4 4.7 
Pre-warmed bin, cooled, graded cold 3.2 


one bin was warmed and held by shell circulation at 42° to 54° (average 
47°). During this fifth month of storage the other bin was maintained 
at 34° to 42° (average 38°). About 3, of the potatoes from each bin 
were run over a commercial grading line consisting of fluming, conveying 
on 3 flight elevators, sizing, washing, grading and sacking. Ten 25-pound 
samples from the bottom of 100-pound sacks were selected for determining 
new injuries in tubers from each bin. Tubers in the remaining one-fourth 
of the bins were held until those remaining in the warm bin cooled to 
40°, which required about 2 weeks. They were then graded and samples 
selected as above. This afforded an opportunity to determine the degree 
of bruising in potatoes which had been warmed and then allowed to cool 
before grading. 

There was some sprout development during the warming period in 
the bin which was pre-warmed. Sprouts ranged up to % inch in length, 
mostly in the center of the bins. These were largely broken off in grading. 
Slight sprout development followed the 2-week cooling-off period after 
preheating. 

The results obtained in warming the large bin are given in table 4. 
Prewarming resulted in a very marked reduction in bruising in the large 
bin, confirming the results obtained in bushel crates. When the pre-warmed 
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potatoes were allowed to cool and then graded when cold there was 
a further reduction in bruising. which is at variance with the results 
obtained with bushel crates. The probable explanation for this is that 
during the cooling of the large pre-warmed bin there was some further 
sprouting and consequent reduction in turgidity of the potatoes, making 
them less susceptible to bruising. There was some late blight rot in the 
bins used for the pre-warming tests. There were appreciably more affected 
tubers in the pre-warmed bin than in the bin not warmed. Fusarium dry 
rot was slightly higher in the pre-warmed bin. Although there was some 
loss in weight caused by the pre-warming, this loss was compensated by 
the material reduction in bruising. 


Discussion AND SUMMARY 


The following methods were effective in preventing bruising of 
potatoes during grading operations : 

1. Padding graders with sponge rubber where potatoes drop. Hoppers 

and delivery chutes are critical spots. 
Reducing drop in filling sack. Hooking up a corner of the sack 
until it is half full or use of a hydraulic bag holder was effective. 
The latter method has the advantage of not being dependent on 
the action of any emplovee, whereas hooking up the corner of a sack 
has to be done by workmen, who may neglect it. 

3. Pre-warming potatoes to approximately 56°F. was effective in 
reducing fresh injuries. The effect of pre-warming was carried over 
even after potatoes were cooled back to the usual storage 
temperature. Pre-warming should not be continued longer than 
necessary because of danger of sprouting and rot. It 1s possible 
to cool a bin of potatoes after it has been pre-warmed and _ still 
maintain at least some resistance to fresh bruising. Since pre- 
warming in many storage houses would involve considerable dif- 
ficulty, it is recommended only when bruising cannot be adequately 
controlled by careful handling, padding of equipment, and reducing 
drops insofar as possible. 

It was noticed that new injuries were less prevalent late in the 
shipping season after the potatoes had started to show signs of sprouting. 
It might be advisable for a grower to hold a lot of potatoes that are 
particularly susceptible to injury until late in the shipping season. 
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INTERNAL BROWNING OF POTATOES AS AFFECTED BY 
DATE OF PLANTING AND STORAGE! 


J. Howarp anp Watter C. Jacon* 


Internal browning was a serious potato defect on Long Island during 
the 1948 and 1949 seasons, causing substantial losses to growers. Larson 
and Albert (2) describe internal browning (physiological internal necrosis. 
heat and drought necrosis, brown or rust spot) and state that the 
malady is more prevalent in Wisconsin on sandy, gravelly soils during 
seasons in which temperatures are above normal and precipitation below 
normal. The same situation existed on Long Island in 1948 and 1949, 
where the soil is relatively sandy (Sassafras fine sandy loam), and where, 
for certain periods during the growing season, very hot, dry weather 
prevailed. Conversely, internal browning was difficult to find on Long 
Island in 1950, when the season was cooler than normal and_ rainfall 
was well distributed. 

In order to determine the influence of certain cultural factors in the 
field on internal browning, samples from an existing experiment in 1948 
were examined for brown spot in the fall, soon after harvest. A duplicate 
set of samples was placed in storage, in order to determine any effects 
which storage might have on internal brown spot. Results in 1948 led to 
a continuation of the study in 1949, but no data were collected in 1950, 
due to the extremely low incidence of internal browning that year. 


MATERIALS AND METHODS 


1948 Experiment: A factorial experiment was conducted in 1948 involving 
Green Mountain and Katahdin varieties; four planting dates; vines killed 
and not killed; three harvest dates and irrigation versus no irrigation. 
This factorial (2 x 4+ x 2 x 3 x 2) consisted of 96 field treatments, in 
two replications, making 192 field plots in all. A split plot design was 
used, with irrigation as the largest plot. Irrigation plots were split into 
four date-of-planting plots, and these in turn were split into three harvest 
plots. The date-of-planting plots was also split at right angles to the harvest 
split to include vine killing. Given below is a schedule, showing dates for 
planting, vine killing and harvesting. 

Planting was done with a commercial potato planter and one ton 
per acre of a commercial 5-10-5 fertilizer was applied in bands at planting 
time. Cultural practice, except for irrigation, was uniform for the entire 
experiment. Irrigated plots received one inch of water per week minus 
rainfall. 

At each harvest date duplicate sets of samples were collected. One 
set was placed in cold storage at 40°F., and the other set was kept in a 
headhouse for 4 days, at which time the samples were examined for 
brown spot. Twenty medium to large sized tubers per sample were cut 
in quarters longitudinally and all eight cut surfaces were observed for 
browning. Any discoloration which could be identified as internal brown 
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1948 Date Schedule 


4 First Second Third 
Planting Vine Killing Harvest Harvest Harvest 
April 19 Aug. 17 Aug. 24 Sept. 7 Sept. 21 

Not Killed Sept. 7 Sept. 21 Oct. 5 
May 19 \ug. 31 Sept. 7 Sept. 21 Oct. 5 
Not Killed Sept. 21 Oct. 5 Oct. 20 
June 15 Sept. 14 Sept. 21 Oct. 5 Oct. 20 
Not Killed Oct. 5 Oct. 20 Nov. 1 
July 15 Oct. 13 Oct. 20 Nov. 1 Nov. 15 
Not Killed Nov. 1 Nov. 15 Nov. 29 


spot was counted, and no intensity rating was made. All the cold storage 
samples were removed in early February, 1949, and examined for brown 
spot in the same manner as described above. 
1948 Survey: On September 20 and 21, 1948, a survey was made of 
seven widely scattered Green Mountain potato fields on Long Island to 
determine the severity of internal browning. Tubers were examined from 
hills showing green vines and dead vines. Paired hills, within a few feet 
of each other, were selected so that a hill with green vines could be 
compared with one in which the vines appeared to have been dead for 
for two or three weeks. All tubers from each hill were dug by hand and 
sliced immediately for brown spot examination. All of the fields had 
been planted in April and had received little or no irrigation. Statistical 
significance was calculated according to Student’s “t” test for paired 
samples (4). 
1049 Experiment: The 1949 experiment was similar to the one in 1948, 
but was simplified by dropping vine killing and irrigation as experimental 
factors. Irrigation had proven to be essential for late potatoes in 1948, 
so the entire experiment was irrigated in 1949, Again a split plot design 
was emploved, with date-of-planting as the whole plot. These plots were 
split across the row for varieties and were split again at right angles 
for date of harvest. Date-of-planting plots were eight rows wide and 
47 feet long, and three inner rows were dug for each variety. There 
were six field replications. 

Green Mountain and Katahdin varieties were grown in the 1949 
experiment in the following planting and harvest schedule. 


1949 Date Schedule 


Planting | First Harvest Second Harvest 
April 12 September 8-9 October 7 
May 2 September 23 October 21 
May 23 October 7 November 4 
Tune 13 October 21 November 18 


July § , November 4 November 28 
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Unfortunately, a hard freeze occurred on November 23, freezing the 
potatoes for the last harvest of the last planting date so that no samples 
were taken from these plots. Consequently, it was desirable to drop the 
first harvest of the last planting, to avoid complications in the analysis 
of results from the first four planting dates. 

Duplicate samples of tubers were taken at harvest time. One set of 
samples was examined for brown spot four days after digging, and the 
duplicates were placed in common storage for inspection in February. 
Each sample consisted of 20 medium to large sized tubers. 

The per cent of tubers showing brown spot, from the 1948 and 
1949 experiments was analyzed by analysis of variance using the square 
root transformations of the percentages. Only the results that were 
significant at the 5 per cent level or less will be discussed. 


RESULTS 

The survey conducted September 20-21, 1948, substantiated what 
some growers had already found at the grading stations; namely, that 
many lots of Green Mountain potatoes would not pass inspection as 
U.S. No. 1 grade, because of the high incidence of internal brown spot. 
Hills with green vines on September 20-21 had a much higher percentage 
of brown spot than hills with dead vines (Table 1). Probably many of 
these dead vines had been dead or were dying during the heat wave 
which occurred from August 25 to 30. 
1948 Experiment: Following is a condensed summary table of the analysis 
of variance in which are listed all of the effects significant at odds of 
19:1 or greater. 


1948 ANALYSIS OF VARIANCE 


Mean F Required at 
Source of Variance d.f. Square F 05 1 001 
Irrigation vs none 1 2.2554 186.4 * 161.4 
Error a 1 0.0121 
Date of planting 3 8.5639 7.16* 4.76 9.78 
Error b 6 1.1955 
Varieties 1 17.0986 48.87*** 25.42 
Error c 8 0.3499 
Harvest x varieties 
x planting x irrig. . 6 0.9359 5.13%** 4.37 
Error e . 64 0.1824 
Storage .... 1 | 1.6445 8.50** 7.08 11.97 
Storage x killing 
x planting x irrig. 3 0.6450 3.36* 2.76 
Storage x harvest 
X varieties .. 2 0.6361 3.31* 3.15 
Error f ..... 96 0.1922 
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Taste 1.—Mean per cent tubers showing brown spot from 72 hills of 
Green Mountain potatoes in seven widely separated fields. Surveyed 
September 20-21, 1948. 


Condition Number | Number | Mean Per Cent 
of Vines ot Hills of Tubers Brown Spot 
Green 36 242 48* 
Dead 36 220 15 


*Difference significant at odds of 999 :1] 


Rather wide differences in brown spot were associated with dates 
of planting. Potatoes planted in May had significantly more brown spot 
than those planted in April or June, and highly significantly more than 
those planted in July (Table 2). 

Green Mountain developed very highly significantly more brown spot 
than Katahdin (Table 3), and Green Mountain was much more influenced 
by cultural practices than Katahdin (Figure 1). The prime example of 
this was illustrated by May-planted Green Mountains, which under 
irrigation, decreased markedly in brown spot as they lay in the ground 
for approximately four weeks after the vines matured, but without 
irrigation, they increased sharply in brown spot during the same period. 
Green Mountains planted in April, June and July were less influenced 
by irrigation and time of harvest. 

In general, irrigation and storage tended to reduce internal browning, 
but these affects were influenced considerably by date of planting and 


Taste 2.—I/nfluence of date-of-planting on the percentage of tubers with 


mternal browning in 1948. 


Internal Browning Square Root 
Date of Planting Per cent Transformation 

\pril 19 4.2 1.04 
May 19 13.4 1.58 
June 15 5.9 1.17 
July 15 2.0 0.88 
5 0.39 

0.59 


Tarte 3.—Per cent brown spot associated with Green Mountain and 
Katahdin tubers in 1948. 


Brown Spot Square Root 
Per cent Transformations 
Green Mountain 96 1.38* 
Katahdin 3.2 0.95 


*(reater than Katahdin at odds of 999°] 
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PER CENT BROWN SPOT 
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Figure 1.—Influence of irrigation and time of harvest on the effect of date of planting 
on internal browning of Green Mountain and Katahdin potatoes in 1948. Significant 
at 999:1. 


vine killing (Figure 2). In the fall, irrigated potatoes showed no response 
to killing except for the increase in brown spot of the June-planted crop 
when killed. However, without irrigation, killing markedly increased 
browning in both May and June potatoes, decreased browning in the April- 
planted crop, and had no effect on the July planting. After storage the 
only significant responses indicated that with irrigation vine killing 
increased brown spot in the May potatoes and decreased brown spot in 
the June crop. 

Green Mountain was influenced more by time of harvest and by 
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Figure 2.—-Influence of irrigation and vine killing on the effect of date of planting 


on internal browning of potatoes in the fall and in February, after three to four months 
storage. 1948 crop. Significant at 19:1, 


storage than Katahdin (Figure 3). In the fall, more browning was 
found in Green Mountains from the first harvest than from the second 
or third harvest, but after storage there was no longer any effect of 
harvest date. The general level of browning in Green Mountain decreased 
significantly during storage, whereas Katahdin was influenced very little 
by storage or by time of harvest. 

1949 Experiment: Below is given a condensed summary table of the 
analysis of variance, in which are listed all of the effects significant at 
odds of 19:1 or greater. 

Date of planting had a very marked effect on internal brown spot 
in 1949, Potatoes planted on April 12 and May 2 developed much more 
browning than those planted on May 23 and June 13 (Table 4). 

Varieties differed in their susceptibility to internal browning in 1949, 
with Green Mountain developing significantly more browning than 
Katahdin (Table 5). 

Internal browning declined during storage in 1949, but this was 
influenced by date of planting and by time of harvest. Potatoes planted 
in April and early May declined considerably in brown spot during 
storage, whereas those planted in late May and June remained more 
or less unchanged in storage ( Figure 4). 

Examination in the fall showed that potatoes which were harvested 
approximately four weeks after maturity had more brown spot than 
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Figure 3.—Influence of time of harvest and variety on internal browning of potatoes 
in the fall and in February, after three to four months storage. 1948 crop. Significant 


a 39:1}. 


1949 ANALYSIS OF VARIANCE 


Mean . F Required at 
Source of Variance df. | Square F 05 
Date of planting 3 | 9.63 53.50*** 9.34 
Error a ha 15 0.18 
Varieties 1 3.69 12.72%* | 8.10 14.82 
Error b 20 0.29 
Storage 1 5.41 30.00*** 11.97 
Storage x date 
of planting . 3 0.84 4.67** 4.13 
Storage x harvest 1 1.15 6.39* 4.00 7.08 
Error e 80 0.18 


those which were harvested soon after the vines matured. However, at 
the end of the storage period, it was found that late harvested potatoes 
had declined in brown spot to a level slightly lower than that of the early 
harvested tubers which had not changed markedly in storage (Figure 5). 


' 

\ 


248 THE AMERICAN POTATO JOURNAL [ Vol. 29 


Tasie 4.—-Effect of date of planting on per cent brown spot of potatoes 


in 1949. 
Date of Brown Spot Square Root 
Planting Per cent Transformations 
April 12 15.8 1.79 
May 2 14.8 1.78 
May 23 4.5 1.07 
June 13 2.7 0.96 
L.S.D. 0.18 
Ol 0.26 


TABLE 5.—Iarictal susceptibility to internal brown Spot in 1949, 


Brown Spot Square Root 
Per cent Transformations 
Green Mountain 11.6 1.54* 
Katahdin 1.26 


*Greater than Katahdin at odds of 99:1 
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Figure 4.—Intluence of date of planting on internal browning of potatoes in the fall 
and in February, after three to four months storage. 1949 crop. Significant at 99:1. 
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2. ND. HARVEST 


‘ 
1ST. HARVEST 


PER CENT BROWN SPOT 


FALL FEBRUARY 


Figure 5.—Influence of time of harvest on internal browning of potatoes in the fall 
and in February, after three to four months storage. 1949 crop. Significant at 19:1, 


DISCUSSION 


“Heat and drought necrosis” is a very good name for internal 
browning of potatoes. An examination of climatological data recorded at 
the Long Island Vegetable Research Farm weather station for the summer 
months of 1948, 1949 and 1950 reveals the reason for severe brown spot 
development in 1948 and 1949, and essentially no brown spot in 1950 
( Table 6). 

August, 1948, was quite dry, and during the last week of that month 
temperatures soared to 98°F, with a weekly mean maximum of 91°F. 
April-planted potatoes were approaching maturity, and seemed to be 
past their peak susceptibility to internal browning, when the week long 
heat wave occurred (Aug. 26-Sept. 1). Green Mountain was much more 
sensitive to the high temperatures than Katahdin, especially at certain 
stages of growth, as exemplified by the May plantings (Figure 1). Green 
Mountains planted in May were vigorous and the tubers were in a stage 
of rapid growth, and were quite susceptible to internal browning when 
the high temperatures came. The fact that tubers from green vines had 
48 per cent brown spot and tubers from dead vines had only 15 per cent 
brown spot on September 20-21 also tends to indicate that during hot 
weather, vigorous plants are more susceptible to internal browning than 
plants which are approaching maturity. Even though Katahdin plants 
were in approximately the same stage of development as Green Mountain 
plants, the Katahdins seemed inherently to be more resistant to brown 
spot. Although potatoes planted in June had tuberized prior to the heat 
wave, they were quite resistant to internal browning, presumably due to 
their immaturity. July potatoes had not tuberized prior to the hot 
weather, and as would be expected, developed very little brown spot. 
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Critical weather conditions for brown spot development came three 
weeks earlier in 1949 than in 1948 (Table 6), and the results are reflected 
in severe browning of potatoes planted in April and early May. The 
plants were vigorous when the critical weather occurred August 5-11, 
corresponding to the May, 1948 planting. The later planted potatoes in 
1949 were quite resistant to internal browning (Table 4), similar to the 
late 1948 plantings. 


Larson and Albert (3) report that Katahdin was one of the most 
susceptible varieties to brown spot tested in Wisconsin. The same authors 
reported earlier (2) that Green Mountain was about the same as Katahdin 
in susceptibility. On Long Island, Green Mountain was definitely more 
susceptible to browning than Katahdin both years of the present study 
(Tables 3 and 5). 


Potatoes from certain treatments decreased significantly in brown 
spot during storage. Green Mountains from the early harvest in 1948 
demonstrate this point (Figure 3). Katahdins and Green Mountains 
planted in April and early May, 1949 decreased in browning during 
storage (Figure 4). as did both varieties from the second harvest in 
1949 (Figure 5). The data which indicated a decrease during storage 
of more than fifty per cent of the brown spot were the means of 24, 36 
and 48 samples, composed of 480, 720 and 960 tubers, respectively. On 
the other hand, potatoes from certain other treatments did not change 
measurably in brown spot during storage. Among these were Green 
Mountains from the later harvests and Katahdins from all harvests in 
1948 (Figure 3), and both varieties planted in late May and June, 1949 
(Figure 4+) and those from the first harvest in 1949 (Figure 5). 


Larson and Albert (2) presented photomicrographs of advanced 
stages of internal browning, showing that cell structure was greatly 
modified, along with the formation of the reddish brown pigmentation. 
From the nature of internal browning, it is difficult to understand how 
the brown spot lesions could disappear. Nevertheless, under the conditions 
of the present study, the evidence is very strong to indicate that certain 
treatment combinations did result in marked reductions of internal brown- 
ing during the storage period. In general, the potatoes which lost the 
greatest proportion of browning were those which had the highest incidence 
of browning at the time they were placed in storage. 


Friedman (1) reported no significant change in storage of internal 
brown spot on Long Island Green Mountain potatoes from the 1948 crop. 
Friedman obtained the tubers for his study from a truck load of commercial 
potatoes which had been harvested on October 7. Since all of the samples 
studied by Friedman were from a single lot originally, it is easy to see 
how they might not change in storage, judging from some of the results 
of the present study. On the other hand, several lots from certain field 
treatments in the present study did decrease markedly in browning during 
storage, showing that previous treatment does influence the behavior of 
brown spot in storage. Due to the limited amount of work which has 
been reported on the behavior of internal browning of potatoes in storage, 
it seems that more work is needed on this phase of the problem. 
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SUMMARY 

% Green Mountain and Katahdin potatoes were planted at monthly 

5 intervals from April through July in 1948 and at three week intervals 
from April to June in 1949. Various cultural factors, such as irrigation, 
vine killing and time of harvest, were studied in connection with internal 


brown spot. Duplicate sets of samples were examined, one set in the fall 
and the other after a period of three to four months in storage to 
determine the influence of storage on internal browning. 

; Vlanting in May 1948 and in April and early May in 1949 resulted 

ig in more brown spots in the tubers as compared with the other planting | 

: dates. Green Mountain developed more brown spot than Katahdin both 

vears, especially when planted early. The general level of internal browning 

decreased during storage both years, but this was influenced by cultural 

| factors, such as irrigation, date of planting and time of harvest. Potatoes 

from certain treatments did not change in storage, whereas samples 

from certain other treatments decreased as much as fifty per cent in 

brown spot during the storage period. 
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AMERICAN POTATO YEARBOOK 


Copies of the 1952 edition of the AMERICAN POTATO YEAR- 
BOOK are sull available. It is again edited by John C. Campbell, Rutgers 
University College of Agriculture, and contains 76 pages of vital 
information to the potato grower, shipper, dealer and all those with an 
interest in the potato industry. 

Qf special significance is the excellent illustrated article on “Recent 
Developments in the Use of Portable Irrigation Systems in Potato Produc- 
tion Areas” by Arthur J. Pratt of Cornell University. Another feature 
in this year’s volume is the list of research projects with the names 
of individuals engaged in conducting research on Irish potatoes in every 
part of the country. There is also a complete and up-to-date list of 
more than 100 recent references to potato culture in the United States. 

Other interesting items include articles on scab control, temperature 
and potatoe storage, rules and regulations affecting the shipment of seed 
potatoes, a list of leading United States and Canadian associations engaged 
in the improvement of the potato industry together with the names of 
United States and Canadian seed certification officials. The YEARBOOK 
also gives information on how and where to secure helpful brochures and 
leaflets covering every phase of the potato industry. 

The new volume also contains much statistical information of value. 
There are tabulations, by states, of both seed and table stock production 
as well as statistics on Canadian and world potato production. 


Copies of the YEARBOOK may be secured from the AMERICAN 
POTATO YEARBOOK, Editorial Office, 319 Scotch Plains Avenue, 
Westheld, N. J. An individual copy sells for $2.00. A complete volume, 
1948-1952, is available at a special price of $4.00. 
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NOTICE 


- The Potato Association of America has a large number of copies 
of the Index to the first 26 volumes of the American Potato Journal 
for sale at $3.00 per copy. 

Order your copy now; ask vour libraray to get one, too, if it doesn't 

have one. Send your order and $3.00 to John C. Campbell, Treasurer, 
The Potato Association of America, New Brunswick, New Jersey. 

| BACK NUMBERS OF JOURNAL 

We also have a large supply of back numbers of most issues of 
Potato Journal. Prices vary from 40¢ to $1.00) per copy 
depending on the date of issue. 

Send tor a quotation on the copies you need to complete your. set. 


It vou have early issues that you do not need send us a list: of 


all vou have available. We can pay a good price for certain’ issues. 


- 


| 


| 

| 

i 
| 

6 

i 

| 


Many growers are stepping up 
quality and yield of potatoes by 
using Su/-Po-Mag in their mixed 
fertilizers. Su/-Po-Mag supplies 
a properly balanced combination 
of sulfate of potash and sulfate 
of magnesium, water-soluble and 


immediately available to the 


growing plant. So be sure to ask 


increase potato yields... 


for a fertilizer containing 
Sul-Po-Mag; leading fertilizer 
manufacturers are including 


it in their quality grades. 


® 
Weter-Selubie potash division 


Double Sulfate of Potash-Magnesia 


INTERNATIONAL MINERALS & CHEMICAL CORPORATION 


General Offices: 20 North 0 acker Drive, Chicago 6 


SPRAYING or DUSTING 
USE 
“OHIO SUPERSPRAY” HYDRATED LIME 


with a guaranteed fineness of 99/2 % passing a screen having 
105625 openings per square inch. It contains magnesium and 
calcium. Insures greater coverage and yields. 


OHIO HYDRATE & SUPPLY COMPANY 
WOODVILLE, OHIO 


Manufacturers of Various Forms of Lime 
and Limestone Products 
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Iniversity Microfilms 
313 North lst St 


Ann Arbor 


(RON AGE 


Michigan 


Band-Way 


for easier planting, greater yields 


RON AGE Potato Planters and 

the exclusive, scientific Iron 
Age Band-Way method of fertili- 
zer placement assure you greater 
accuracy and flexibility—— easier 
planting— greater yields——no mat- 
ter what your acreage or soil con- 
dition. Check Iron Age’s rigid 


IRON AGE Vegetable Planter 


Iron Age Vegetable Planters with Iron 
Age Band-Way the exclusive scientific 
method of culture make up the bed, sow 
the fertilizer, plant and cover the seed, all 
in one quick, accurate operation. Band- 
Way prevents burning, leaching, fixation 
... assures healthier, sturdier plants. 


construction... self-aligning roller 
bearings that mean lighter draft... 
larger, all-steel hoppers for longer 
life... and you'll see why Iron 
Age is your best buy! Available 
in one, two, and four-row sizes— 
ask your Iron Age Dealer to show 
them to you, today! 


WRITE TODAY for complete information to: 
A. B. FARQUHAR CO., Farm Equipment Div., 
2201 Duke St., York, Pa. Branches in Columbus, 
Ga., Palo Alto, Calif. and Dallas, Texas. 


OLIVER CORPORATION 
YORK, PA. 


POTATO AND VEGETABLE PLANTERS TRANSPLANTERS 
SPRAYERS OUSTERS + POTATO DIGGERS WEEDERS 
MANURE SPREADERS CONVEYORS + JUICE PRESSES 


PLANT ANDO SPRAY THE [ROM AGE WAY 
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